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Marshall Space Plight Center CFD Overview 


L. A. Schutzenhof er , NASA/MSFC 


Computational Fluid Dynamics (CFD) activities at Marshall Space 
Flight Center (MSFC) have been focused on hardware specific and 
research applications with strong emphasis upon benchmark 
validation. The purpose of this overview is to provide insight 
into the MSFC CFD related goals, objectives, current hardware 
related CFD activities, propulsion CFD research efforts and 
validation program, future near-term CFD hardware related 
programs, and CFD expectations. The current hardware programs 
where CFD has been successfully applied are the Space Shuttle 
Main Engines (SSME), Alternate Turbopump Development ( ATD) , and 
Aeroassist Flight Experiment (AFE). For the future near-term 
CFD hardware related activities, plans are being developed that 
address the implementation of CFD into the early design stages 
of the Space Transportation Main Engine (STME), Space 
Transportation Booster Engine (STBE), and the Environmental 
Control And Life Support System (ECLSS) for the Space Station. 
Finally, CFD expectations in the design environment will be 
delineated . 
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MARSHALL SPACE FLIGHT CENTER CFD 

OVERVIEW 
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- ADVANCED LAUNCH SYSTEM, ALS 

“ ENVIRONMENTAL CONTROL AND LIFE SUPPORT SYSTEM, ECLSS 
• CFD EXPECTATIONS 


COMPUTATIONAL FLUID DYNAMICS BRANCH ACTIVITIES 
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• DEVELOP ADVANCED HARDWARE TECHNOLOGY CONCEPT: 
-TURBINE STAGE 
-IMPELLER STAGE 
-NOZZLES, PREBURNERS, ETC. 



COMPUTATIONAL FLUID DYNAMICS BRANCH ACTIVITIES 
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COMPUTATIONAL FLUID DYNAMICS BRANCH ACTIVITIES 
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COMPUTATIONAL FLUID DYNAMICS BRANCH ACTIVITIES 
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PREDICTION OF SECONDARY FLOW IN CURVED DUCTS OF 

SQUARE CROSS-SECTION 
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TURBOPUMP DESIGN EQUATIONS 
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MSFC HARDWARE RELATED ACTIVITIES 

INHOUSE PROGRAM SUPPORTING ACTIVITIES 
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MSFC HARDWARE RELATED ACTIVITIES 
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MSFC HARDWARE RELATED ACTIVITIES 
ROCKETDYNE APPLICATION OF CFD TO SSMF 
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HPOTP P/B DIFFUSER REACT 2D/3D 

T/P HARDWARE DEVIATION SENSITIVITIES REACT 2D/3D 

TO REDUCE MR’S 


MSFC HARDWARE RELATED ACTIVITIES 
PRATT AND WHITNEY APPLICATION OF CFD TO ATP 
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MSFC HARDWARE RELATED ACTIVITIES 
PRATT AND WHITNEY APPLICATION OF CFD TO ATP 
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NASA EARTH-TO-ORBIT PROPULSION R&T PROGRAM 


< LU 
ZDC 

(DO 

Z LU 
co* 
ZKO 

CO< 
LU < 

Q H 

82 

gfe 

<P 

CO < 

Jen 

LUO 

Qm 

S 3 

§3 

as 

°.a 

CO LU 

Om 

fo 

LU |±j 
S CC 

co o 

£ 8 : 

_J Z) 

<co 

ico 

<. LU 

CO 3 

a 

Qz 


<i 
«!< 
— o o 

cr z) cd 

< DC DC 
LU | — 3 
CD CO I- 


LU bk 
( f) LJ 


79 


5 * 1543 - 9-105 


NASA EARTH-TO-ORBIT PROPULSION R&T PROGRAM 

PROGRAM DEFINITION 
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NASA EARTH-TO-ORBIT PROPULSION R&T PROGRAM 
WORK ELEMENT SUMMARY 
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NASA EARTH-TO-ORBIT PROPULSION R&T PROGRAM 
WORK ELEMENT SUMMARY (CONTINUED! 
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• PROVIDE PEER REVIEW OF CFD PROGRAMS 


NASA EARTH-TO-ORBIT PROPULSION 
R&T PROGRAM 

CONSORTIUM TASKS 
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• ACCELERATE THE TRANSFER OF CFD TECHNOLOGY FROM UNIVERSITIES AND 
RESEARCH CENTERS TO INDUSTRY A IS|D HARDWARE DEVELOPMENT CENTERS 


NASA EARTH-TO-ORBIT PROPULSION R&T PROGRAM 
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AGENCY PROJECT DIRECTOR ■ I CONTRACTOR PROJECT DIRECTOR ■ I UNIVERSITY PROJECT DIRECTOR 
PRINCIPAL INVESTIGATOR ■ I PRINCIPAL INVESTIGATOR ■ I PRINCIPAL INVESTIGATOR 





NASA EARTH-TO-ORBIT PROPULSION R&T PROGRAM 
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1-4566 8-21 D 
1 CY88 


VALIDATION OF TURBINE STAGE 
DESIGN TOOLS 


CY89 


CY90 


CY91 


CY92 


CY93 


PERFORMANCE 
[ CY94 I 


I I l 

H35 ADVANCED ROTOR 1 & ROT OR 2 CODES 
DEVELOP CODE AT ARC 


Ele MULTISTAGE TURB. FLOW SIM 


3D VISCOUS CODE 



SPECIAL 
TURBINE STAGE 
CFD ANALYSIS 





LSVT 5 3D TURBOPUMP FLOW FIELD ANALYSIS 
ANALYSIS T COPE ENjjANCEMENT 


TBVT 24, 25 TURBINE STAGES CFD UNSTEADY FLOW D._B 


AIRFI OW AT TBD CONTRACTOR 


TBVT 2 ENHANCED ROTOR STATOR COPE. 


CODE MODIFICATION 


TBVT 26 ADVANCED AXIAL TURB. DES. METHODOLOGY 


ADVANCED CONCEPTS 


3D STATOR/ROTOR BLAD 
FLOW EXP. 



L5VTI EXP. VER OF CFD TURB. STAGE DES. METHOD 


TEST RIG I TESTING 

DESIGN & FAB I AT M SFC EA JT E 


LSVT 23 IMP AERO H/T PREDICTION 


H36 (SUPPORT FROM H19, TBVT 7 & 9) 


CFD CONSORTIUM-VALIDATION OF CF 
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7 & 9) 1 — ~ 
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NASA EARTH-TO-ORBIT PROPULSION R&T PROGRAMS 
DELIVERABLE PRODUCTS/MILESTONES 
TURBINE STAGES 
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NEW NEAR TERM CFD ACTIVITIES 
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COST - ROBUSTNESS 

PERFORMANCE/WEIGHT - REDUCED DEVELOPMENT TIME 

COMMONALITY - REDUCED INVENTORIES/INTERCHANGEABILITY 
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NEW NEAR TERM CFD ACITVITIES 
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DISCHARGE COLLETOR/DUCTS • ENGINE AIRFRAME INTERACTION 

BEARINGS - PLUME 

SEALS -AEROHEATING/LOADS 
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ORIGINAL PAGE IS 
OF POOR QUALITY 





NEW NEAR TERM CFD ACITVITIES 
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CFD EXPECTATIONS 


O I 
LLJ 1 => 
H C/D 
< ^ 

§83 

?Sh 

qu-z 

111 DC LU 

gsS 

is? 

0,7 


u-zqO 

cypz 

$D«< 

— CQ 2 l— 

2CCOCC 
< 3 0 LU 
Jh<G 


CM 

cc 

1 X 1 

E 2 z 

8 § 

O LU 

id 

is 

UJ _l 

£<2 

oc 

LU 

C/D 

ID 


o 

Si 

Oh 
C/D C/D C/D 
Z(r>- 
O§o 

ill 

Oi-x 

o < LU 
>-NlU 
520 
StS 

OOj 
1 CD rr lu 

roo^ 

iN^U 

;dfE < 

jScc^ 
»Luoy= 
izoh 
: lu ri cc 
• o<< 


94 


COMBUSTION FLOW PROCESS ENGINEERING MODELS EVOLVED FROM EXPERIMENTS 
AND CFD ANALYSIS 


